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This paper studies the end coupling between a 
magnetic loop and a dielectric resonator housed in an 
evanescent metallic waveguide. 

u A theoretical and experimental analysis of the 
variations of the external quality factor as a func- 
tion of the distance between the loop and the resona- 
tor is presented. The influence of the interstage cou- 
pling between two dielectric resonators on the end 
coupling will be also evaluated. 



The first term in equation 2 is neglected, considered 

very small compared to the second term then z. 
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INTRODUCTION. 

The bandpass dielectric resonator filter con- 
figuration can be generally defined as a section of 
evanescent mode waveguide in which the dielectric 
resonators are housed { 1 } . The orientation of dielec- 
tric resonators can either be axial or transverse 
{ 2 } . The end resonators are either coupled to exter- 
nal sources by means of propagating waveguides { 3 } or 
coaxial transmission loops. In this paper the coupling 
is achieved by the dielectric resonator (at resonance) 
to the coaxial line, by means of a magnetic loop ; 
through the evanescent field of the waveguide. In 
other words, the waveguide magnetic fields excited by 
the resonator magnetic dipole will be coupled to the 
loop when threading it, as the plane of the loop is 
normal to the x, y plane of the guide as shown in 
figure 1 corresponding to the case of a rectangular 
wave guide. 

EQUIVALENT CIRCUIT. INPUT IMPEDANCE . 

The loop resonator cavity system in general, can 
be representated by the equivalent circuit shown in 
figure 2. The dielectric resonator is acting on the 
dipolar TE . mode. L is the mutual self inductance. 

Using the equivalent circuit of figure 2. We 
can evaluate the input impedance 

V. b i(ii l I + jo) L I 
1 J p p J m r 



ju L I + 
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j U L r I r 
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V 2 * " R r l r ' W; \ 

The indexes p and r refer respectively to the loop and 
to the dielectric resonator : 
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Since the unloaded quality factor of the TE 
mode of the dielectric resonator verifies : 

(o L 
rt or 



oip 



For 



factor evaluation in terms of the field 



contribution to coupling, the TE mode of the die- 
lectric resonator is looked at as X ^a magnetic dipole. 
The voltage V induced in the magnetic loop due to 
current 1^ in the resonator can be expressed by i 

V = joi L ffl I r = jo. „ c H p A p 5. 

H : field values in the magnetic loop due to reso- 
nStor current. For small magnetic loops H can be 
taken in a first approximation to be the v*alue at 
the center of the loop of area A . 

If W is the stored p energy in the die- 
lectric resonator : 

«r " T \ l r 2 6 ' 



From A, 5, 6 we obtain 
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and Z. can be written 
xn 
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EVALUATION OF H 



% 2 W 



The magnetic field at the center of the loop 
H due to resonator current is taken as the magnetic 
f?eld of waveguide evanescent modes excited by the 
resonator dipole at waveguide center where the reso- 
nator is located. 
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In this paper we only consider the case of the trans- 
verse orientation of the dielectric resonator in a 
rectangular waveguide. 

Since transverse orientation is considered, 
then M the equivalent magnetic dipole of the TE 

r mode of the dielectric resonator will exc&l 
only those modes having H components in the transver- 
sal plane, that is those having h^^ 0 at waveguide 
center so m must be odd and n even, m n 
Among all these modes ve only consider this which has 
the lowest cut off frequency so the TEjq mode. 

The normalised x directed field component 
within the rectangular guide is : 



In this expression H x is evaluated from (II) taking 
into account (12) , W and M are evaluated by 
using the finite difference method { 4} . Q ext is 

computed by the equation (14) for loop diameter of 

3.5 mm and 5 mm. Graphs of curves 3 show the variations 

of Q ext as a function of spacing a. 

Practical measurement of Q is determined for 
a 3.5 mm loop as well a 5.0 mm in the graphs 
of curve 4 and in curve 5, Loop thickness is 
also considered in curve 5 vh>ere Q is calcu- 
lated for (5 ± 0,2) mm and (3.5 mm ex £ 0.2 m ) 
loop diameter. 
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1/2 x. INFLUENCE OF THE INTERSTAGE COUPLING ON THE END 

sin tt 9. COUPLING . 

The coupling coefficient between a pair of die- 
lectric resonators is expressed by the equation {2} : 



For resonator located at guide center x \ = ± J 
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T : evanescent constant 8 Om^T" U~*~7~ «w / ± 1 
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k(s) = 
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15. 



The external Q given by (14) can be related to 
k(s)» through the magnetic field H which is assumed 
the same in keeping the spacing between loop and 
resonator equal to the spacing between the dielectric 
resonators (s) and assuming the loop surface compa- 
rable to the dielectric resonator : 



* 10 wavelength of TE._ mode in rectangular guide 
A - 2a 
10 

Z = 377 Q 
o 



The total field H at a distance S between the centers 
of the loop and tne resonator is given by : 
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11. 



The amplitude a ttn of forward directed TEj Q wave 



L \0 

excited by an x oriented magnetic dipole 
is defined by the following equation 
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Relating equation (8) (10) (11) (12) the input impe- 
dance is expressed by : _ 
2 2 

P A ~ a m 8 

"Mr < t I0 h * « '° > 13 - 



If Z c is the terminating characteristic impedance of 
the coaxial line evaluated at 50 being the interior 
source of dissipation and 2^ n is the exterior impedance 
looked at from the coaxial line : 
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Graphs of curve 6 shows the variations of Q gxt computed 
taking into account t or not the coupling between the 
pair of dielectric resonators. 

CONCLUSION . 

The coupling between a magnetic loop and a dielectric 
resonator contained in a evanescent waveguide has been 
evaluated. Theoretical and experimental results agree 
well. The influence of the interstage coupling on the 
coupling coefficient between the loop and the resonator 
has been computed. 
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Figure 1 : Resonator in a rectangular evanescent 
waveguide. 




Figure 2 ! Equivalent .circuit of the coupling 
loop resonator. 
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Figure 3 : Distance S in mm between loop 
and resonator. 




Figure It : Q ext /spacing (S) for 3.5mm loop 
diameter. 
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Figure 5 : Q ext /spacing (s) for loop of 5.0mm diameter 
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Design and Operation of a 70 GHz Second 
Harmonic four Cavity Gyroklystron for Radar 
Applications 

M. Walter, W. Lawson, J. P. Calame, M. Garven and 
V. L Granatstein, University of Maryland, 
College Park, MD 20742, USA 

Design and Operation of a 70 GHz Second Harmonic 
Four Cavity Gyroklystron for Radar Applications* 

M. Waiter, W. Lawson, J. P. Calame 1 , M. Garven, 
and V. L. Granatstein 

Electrical Engineering Department 
and Institute for Plasma Research 
University of Maryland 
College Park MD 20742 

At the University of Maryland, we have been investigating 
the feasibility of using gyro klystrons and gyrotwystrons as driv- 
ers for linear colliders and advanced accelerators for a number of 
years. 1 With a two-cavity second harmonic tube, we produced 
over 32 MW of peak power at 19.76 GHz with nearly 30% effi- 
ciency via the interaction with a 450 kV, 240 A beam. The first 
cavity was driven at 9.88 GHz in the TEon mode. The second 
harmonic output cavity resonated in the TE021 mode at 19.76 
GHz. 

In this paper, we present the application of this frequency- 
doubling technology to an existing fust harmonic gyroklystron 
which has been under investigation at the Naval Research Labo- 
ratory. 2 This system has been successfully operated with from 2- 
5 cavities. In a two cavity system, a peak power of 210 kW was 
achieved near 35 GHz with 37% efficiency and a gain near 24 
dB. The bandwidth was approximately 0.36%. The nominal 
beam parameters include a voltage of 70 kV, a current of 8 A, 
and a perpendicular to parallel velocity ratio of about L35. 

In our experiment, we utilize the first harmonic input and 
gain cavities, but replace the penultimate and output cavities 
with ones that are designed to operate in the TE021 mode near 70 
GHz. About 140 kW of power with an efficiency near 25% is 
predicted via MAGYKL simulations. The complete design 
simulations and cold test results for this system will be pre- 
sented. If viable, the experimental hot test results will also be 
described. 



1. V. L. Granatstein and W. Lawson, "Gyro- Amplifiers as RF 
Drivers for Multi-TeV Linear Colliders," IEEE Trans. 
Plasma Sci. 24(1996)648. 

2. J. J. Choi, et al., "Experimental Investigation of a High 
Power, Two-Cavity, 35 GHz Gyroklystron Amplifier, IEEE 
Trans. Plasma Sci. 26 (1998) 416. 

♦This work is supported by the Naval Research Laboratory un- 
der grant NQ0 1 7398 1 GO00. 

1 Naval Research Laboratory, Washington, D. C. 20375 
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Cavity Testing for W-band Gyroklystron Amplifiers 

D. E. Pershing, A. H. McCurdy*, B. G. Danly*, J. M. Cameron + , and 
M. Blank* 

Mission Research Corporation, Newington, VA 22122 
^Lucent Technologies, Norcross, GA 30071 
+Dyn Meridian, Rockville, MD 20852 
* Naval Research Laboratory, Vacuum Electronics Branch, 
Washington. DC 20375 

The Naval Research Laboratory has undertaken a 94 GHz 
gyroklystron amplifier development program for radar 
applications. This program comprises both in-house development 
as well as cooperative development between NRL, 
Communication and Power Industries, Litton Electron Devices, 
and the University of Maryland. 

These devices utilize multiple cavities tuned to different 
frequencies, typically in the range of 93 to 95 GHz to achieve the 
desired gain, power, and bandwidth requirements. The cavities . 
operate in the TEqj mode with Q's in the range of 100 - 200. 
Due to the sensitivity of cavity performance characteristics to 
manufacturing tolerances, it is essential that the cavity 
characteristics be measured after assembly. For the 
NRL/industrial amplifier, space considerations preclude usage of 
apertures in cavities for diagnostics, so we rely on TEqj axial, 
transmission evanescently coupled through cavity irises to 
determine the resonant frequency and Q. Specifics of the 
measurement depend on the cavity type to be measured; input, 
intermediate, or output. 

Transmission or reflection data are taken using an HP 
8510 vector network analyzer with a W - band test set. Marie 
converters are used to convert from the TE^q in WR10 
rectangular waveguide to the TEqj mode in 0.2** dia. circular 
guide. To allow propagation of the TEqi mode in waveguide 
diameters below air-loaded cutoff, diagnostic probes were 
fabricated using a dielectric loaded circular waveguide with 
approximately the same diameter as the cavity iris. Each 
waveguide is connected to a nonlinear transition region to couple 
a TEq\ wave m ^• 2 " loaded waveguide to a TEqj wave in 
0.109** diameter Rexolite loaded waveguide with minima] 
reflection and mode conversion. 

Measurements are found to be highly sensitive to 
mismatches at the -20 dB level. With precision manufacture of : 
the dielectric probes, careful alignment, and TRL calibration at ; 
the probe tips to minimize mismatch effects, consistent andj 
reliable results have been obtained. Details of dielectric probe, 
development, testing methodology and typical data wUl be 
presented. 

This work was supported by the Office of Naval Research. 
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...SPECIFICATION total configuration diagram of the monitoring and control 
system. 

Fig. 3 illustrates the principles of evanescent communication 
technology. 

Fig. 4 is a flowchart explaining the operation of a communication 
module . 

Fig. 5... 



.and the controller 20 is connected to a plurality of switch gears 34 by 




of the first embodiment described earlier... 

. . .module 82 being connected to a communication module 38 of a switch gear 
34 via evanescent communication 32 and the analog/digital 
input/output circuit 86 being connected to a plurality of... 

...signals with the switch gear 34 to be implemented either without, in 
this way, using evanescent communication , or by, as with the 
conventional practice, using process cables in conjunction with 
evanescent communication . 

In .addition, commands and information can be directly exchanged between 
the communication module 82 of... 

...and the controller 20 is connected to a plurality of switch gears 34 by 
using evanescent communication 32 as a means of wireless 
communication in an evanescent mode which propagates electromagnetic 
waves via the structures of the corresponding building. 
The communication module... 

...which the control commands that have been created by the CPU 22 are 
output in evanescent mode to the communication module 38 of the 
switch gear 34 . 

The switch gear 34 comprises the above-mentioned communication module 
38, a digital input /output circuit 44, and a power circuit 46. The 
communication module 38 has an evanescent communication 
transmitting/receiving section and the like, exchanges 

operation/monitoring-associated commands with the communication module... 

...CLAIMS monitoring command output means and said control command output 

means are connected by using an evanescent mode as a communication 
means for information exchange between both means. 

11. A monitoring and control system comprising; 
an. . . 

. . .monitoring information input means, and said control command output 

means are connected by using an evanescent mode as a communication 
means for information exchange between the three means. 

12. An equipment diagnostic system comprising; 
a. . . 
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...SPECIFICATION stator is essentially stationary and is mounted on 

supports that attach the stator to the framework opposite the rim . 
The supports on which the stator is mounted adjust to ensure a constant 
distance between. .. spokes 86 and the vanes 80. 

The electricity-generating stator 16 is attached to the framework 12 
opposite the rotating rim 76, whereby the plurality of magnets 84 on 
the rotating rim 76 pass by the... 

...CLAIMS stator (16); and 

a stator support mechanism (74,78) attaching said stator (16) to said 

framework (12) opposite said rim (76), said stator support 

mechanism (74, 78) dimensioned and configured to flex to maintain 

said. .. wind-induced rotation of said rotor (14); 
an electricity-generating stator (16) attached to said framework (12) 

opposite said rim (76), whereby said plurality of magnets (84) on 

said rim (76) pass by said stator. . . 
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...SPECIFICATION this rim. Likewise, slide mounts 62 and lower floating 
mounts 65 form a relatively uninterrupted rim around an opposite end 
portion of the framework unit in the collapsed state. While not shown, 
it should be understood that lower central... 
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information. 

[058] Logging module 470 provides a way to record messages comprising 
what is otherwise evanescent communication between sending client 
devices 170 and receiving client devices. Such persistent recording 
allows for forensic... 
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English Abstract 

...induces rotation of the rim. The stator is essentially stationary and 
is mounted on the framework opposite the rim . As magnets on the 
rotating rim pass by the stator, electricity is generated. The stator 
uses the pull of the magnets... 

Detailed Description 

stator is essentially stationary and is 
mounted on supports that attach the stator to the 

framework opposite the rim . The supports on which the 
stator is mounted adjust to ensure a constant distance 
between ... spokes 86 and the vanes 80. 

The electricity-generating stator 16 is attached to 

the framework 12 opposite the rotating rim 76, whereby 

the plurality of magnets 84 on the rotating rim 7 6 

pass by the . . . 

Claim 

rim having a plurality of magnets; 



an electricity-crenerating stator that is 

attached to said framework opposite said rotating rim , 

whereby said plurality of magnets on said rotating rim 

pass by said stator when wind... in directions parallel with said rim, 

while 

maintaining said stator a constant distance from said 
rim ; and 

an electricity-generating stator attached to said 

framework opposite said rotating rim , whereby said 
plurality of magnets on said rotating rim pass by said 
stator, when wind. . . 

. . . rim; 

an electricity-generazlng stator; and 

a stator support mechanism attaching said stator to 

said framework opposite said rim , said stator support 

mechanism maintaining said stator in alignment with 

said rotor. 

2 The horizontal ... to maximize wind-induced rotation of said 
rotor; 

an electricity-generating stator attached to said 

framework opposite said rim , whereby said plurality of 
magnets on said rim pass by said stator, when wind 
induces . . . 
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this rim. Likewise, slide 
mounts 62 and lower floating mounts 65 form a relatively 
uninterrupted rim around an opposite end portion of the 

framework unit in the collapsed state, While not shown, it 
should be understood that lower central... 
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Set Items Description 

51 10641 EVANESCEN? 

52 13 S1(5N) (COMMUNICATION? OR TELECOMMUNICATION? OR NETWORK?) 

53 * 12 S2 NOT OPTICAL 

54 3 RIM(3N) (FAC???? OR OPPOSITE? OR OPPOSING) (5N) (FRAMEWORK OR 

FRAME () WORK) 

55 4 (SEMICIRCULAR OR SEMI () CIRCULAR) (3N) (CONDUCTOR? OR EXCITER- 

?) 

56 2 (CHADWICK, G? OR CHADWICK G?) 

57 0 IC=H04H? 

58 0 S3(S)S4(S)S5 

59 0 S3 (S) (S4 OR S5) 

510 0 S3(S)S4(S)S5 

511 0 S3(S) (S4 OR S5) 

512 0 S6 AND S3 
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